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Abstract 
We report a new method of nerve Reconstruction, wrap-around neurorrhaphy, in which the 
funicular suture site is wrapped with the epineurium of the larger stump. The specific applications 
of this procedure in brachial plexus reconstruction are described and the clinical results presented. 
The method was applied in intercostal nerve transfer to the musculocutaneous nerve in 21 pa-
tients and in 12 patients with axillary nerve injury who underwent reconstruction with autografts 
using wrap-around neurorrhaphy. Rigid fixation of the neurorrhaphy site could be obtained using 
this method, and the clinical results were satisfactory. 
Introduction 
Recently, intercostal nerve transfer to the musculocutaneous nerve has become widely accepted 
for functional restoration of the biceps in brachia! plexus i吋uries,most notably for total root avulsion 
injuries叩） Intercostal nerve transfer is now also indicated for upper root avulsion injuries4). 
Following the restoration of shoulder function, however, tension at the site of neurorrhaphy may 
develop, and regenerating axons which traverse the suture line can be damaged as tension inc-
reases. A discrepancy between the diameters of the proximal and distal stumps in nerve reconstruc-
tion, such as that encountered in intercostal nerve transfer, also creates technical di侃culties.
We report a new method of nerve reconstruction, wrap-around neurorrhaphy, in which the 
funicular suture site is wrapped with the epineurium of the larger stump. This permits“packing”of 
the funiculi and reduces tension at the suture line. In addition, we describe the specific applications 
of this procedure in brachia! plexus reconstruction, citing clinical results. 
Methods 
The important technical aspects of the method include: 
1) The epineurium of the stump, with which the neurorrhaphy site is later wrapped, is incised 
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ICN 5 Musculocutaneous nerve 
Fig. 1 lntercostal nerve transfer to the musculocutaneous nerve. ICN 3, 3rd intercostal nerve; ICN 4, 4th inter-
costal nerve; ICN 5, 5th intercostal nerve. The triple cable of three ventral branches of intercostal nerves is 
approximately出esame size as the exposed funiculi of the musculocutaneous nerve. 
Fig. 2 Reconstruction of an axillarγnerve which has ruptured under the coracoid process due to traction i町uries
The proximal stump of the axillary nerve forms a pseudoneuroma. The gap between the stumps is usually 
Jess than 3-4 cm. Reconstruction of the nerve requires cable grafting, using three sural nerves. The tip of 
the neuroma is resected along the A-line. The epineurium of出eproximal stump is incised longitudinally 
along the B-line in a proximal direction until normal funiculi are observed. The same procedure is performed 
on the distal stump. 
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longitudinally until normal funiculi are identified. 
2) Several stay sutures are placed along the distal margin of the opened epineurium. 
3) A triple cable is formed, from the ventral branches of the intercostal nerves in the case of inter-
cost al nerve transfer (Fig. 1), or from the sural nerve bundles in the case of nerve reconstructions 
with autografts, using interrupted sutures for bundling (Fig. 2). Each recipient perineurium is indi-
vidually adapted to the donor with 10一Onylon thread (diameter; 25 μm). 
4) The opened epineurium is closed with 8-0 nylon thread (diameter; 35 μm) and wrapped around 
the neurorrhaphy site. 
5) The epineuria of the recipient and donor are firmly sutured to each other with side司to-sidesutures 
with 8-0 nylon thread in order to mini町田etension at the funicular suture s山（Fig.3). Care must 
be taken not to disturb the circulation of the epineurial vessels. 
Clinical Applications 
1) lntercostal nerve transfer to the musculocutaneous nerve. 
Between 1989 and 1992, we performed intercostal nerve transfer using wrap-around neuror-
rhaphy for the reconstruction of elbow flexors in 21 patients, al in uried in traffic accidents, of whom 
19 regained powerful active elbow flexion (Table 1) and could abduct and flex the involved shoulder 
passively without biceps weakness (Fig. 4). Of the two patients whose data are excluded from this re-
port, one had partial spinal cord injuries and the other underwent intercostal nerve transfer 8 months 
after injury. The elbow flexion strength was evaluated by determining the maximum weight which 
could be lifted at the middle third of the forearm for 30 seconds (Fig. 5). The elbow flexion contrac-
ture might have been partly due to the long-term fixation by the plaster cast after the surgery and 
partly due to lack of the strength of the triceps. The should巴rwas reconstructed with multiple mus-
Fig. 3 Three ventral branches of intercostal nerves are transferred to the musculocutaneous nerve. 
Intercostal nerve transfer to the musculocutaneous nerve 
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Fig. 4 Case 7: CS, 6, 7,8 roots avulsion. In the reconstruction of the elbow flexors, intercostal nerves are transfer-
red to the musculocutaneous nerve using this method. The involved shoulder can be flexed passively without 
biceps weakness. To elevate the shoulder, multiple muscle transfers are applied. For wrist and finger func-
tion, tendon transfers are done 
Fig. 5 Elbow flexion strength is evaluated by determining the maximum weight which can be comfortably lifted at 
the middle third of the forearm for 30 seconds 
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cle transfer or joint desis. Only patients with follow-up periods of at least 2 years were included in 
this study. 
2) Reconstruction of axillary nerve with rupture under the coracoid process due to traction injurySJ目
Between 1989 and 1992, Reconstruction of the axillary nerve with autografts using wrap-
around neurorrhaphy was performed in 12 patients with axillary nerve traction injury sustained in 
tra伍c( 11cases) or other accidents (one case at worki時 onship）・ In6 of these patients, the i吋ury
was combined with suprascapular nerve i吋uries,and in one with the musculocutaneous nerve in-
juries, these accompanying nerve i吋urieswere treated with neurolysis alone, with satisfactory re-
suits. The shoulder abduction strength was evaluated by determining the maximum weight (kg) 
which could be comfortably lifted at the middle third of the upper arm in 90° abduction position for 
30 seconds (Fig. 6). All of the 12 patients regained almost ful active range of motion in the shoulder 
(Table 2). 
Three other patients with similar i吋urywere excluded from this report because of the large size 
of the defect (over 7 cm) and because the distal end could not be wrapped with the epineurium due to 
the division of the axillary nerve into the deltoid and the teres minor. 
Discussion 
Methods of microscopic neurorrhaphy include epineurial repair, funicular repair without re-
section of the epineurium, and funicular repair with resection of the epineurium, although the most 
effective method of nerve repair remains controversial2・3l. Age, wound condition, site of injury, and 
specific nerve involvement are important considerations in the selection of the most suitable method 
JI ＂ノ
j,:Jf ，－ ~t;t,,~＇＇ 
Fig. 6 Case 8: Reconstruction of the axillarγnerve with autografts using wrap-around neurorrhaphy. Shoulder ab-
duction strength is evaluated by determining the maximum weight (kg), which can be comfortably lifted at the 
midclle third of the upper arm in 90° abduction position for 30 seconds. 
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of nerve repair in individual patients. 
Wrapping of the epineurium around the neurorrhaphy site prevents misdirection by providing 
packing around the stumps. The wrapped epineurium allows the nerve to stretch without strain of 
the funiculi, strengthens the suture site as collagen proliferates, and permits the site of neurorrhaphy 
to regain excursion with joint motion. To obtain direct union between the funicular structures of 
the stumps, it is essential to prevent tension on the neurorrhaphy site. If tension is not prevented, 
connective tissue proliferation will inevitably ensue1・8l. 
Wrap-around neurorrhaphy is considered to be most highly indicated in clinical intercostal 
nerve transfer to the musculocutaneous nerve in root avulsion and clinical reconstruction with a 
cable of sural nerves, especially in nerve repair requiring extensive excursion with joint motion. 
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和文抄録
神経外膜を利用した神経再建方法
神経断端の大きさが異なる場合の神経修復－
京都大学医学部整形外科
西島直城，柿木良介，杉本正幸，
藤尾圭司，中村孝志
神経再建にあたって，その縫合方法には神経外膜縫
合，神経周膜縫合，神経外膜・周膜縫合などがある．
実際には神経の種類・部位・状態などによって，その
縫合方法を変えているのが現状である．
神経外膜を温存・利用して，神経再建した場所を包
みこむ神経再建の方法（wrap』aroundneurorrhaphy）を
記述し，その適用と臨床結果を発表した この神経再
建方法は，神経周膜縫合部位の緊張を防止し，神経束
の整然とした包み込み（packing），そして強固な神経
連結を目的とする．神経断端の大きさが著しく異なる
時の神経縫合，あるし、は関節可動威か大きくて縫合部
位に緊張が推定される時の神経縫合には，この方法（大
きい方の神経外膜で縫合部位を包む方法）の良L適用
がある．
この方法で神経を再建し，術後2年以上経過してい
る臨床症例の結果をまとめた．症例は，肋間神経移行
術（互いの神経断端の大きさが著しく異なる例として）
の21症例と，版窟神経再建術（関節可動域が大きい場
所での神経再建例として）の12症例である．
神経外膜を利用して，神経縫合した場所を包みこむ
神経再建方法は，このような症例にきわめて良好な適
用かある
